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ABSTRACT

The Cassini spaccceraft will bring cighteen scientific instt wnents to Saturn. After it is inscrted into Saturn orbit,
it will scparate into aSaturn Orbiter and an atmospheric probe, caled 1 luygens, which will descend to the

sut face of Titan. The Orbiter will orbit the planct for four years, making close flybys of five satellites. Orbiter
instruments are body-mounted; the spacecraft must be turned to point them toward objects of interest. The
Osbiter car g ics twelve instruments. Optical instruments provide imagery and spectiometry. Radar supplies
imaging, altimetry, and radiometry. Radio links conti ibute information about inter vening mater ial and gravity
fields. Other insti uments measure clectromagnetic ficlds, plasma properties, and PTOPCI ties of dust particles.

The Probe is spin-stabilized. I returns data via - S-banid hink to the Onbiter. The Probe's SiX instiuments include
seusors to determine atmospheric physical properties and composition.  Optical sensors will obser ve thermal
balanceand obtain images of Titan's atmosphere and sw face. Doppler measurements between Probe and Orbiter
will provide wind profiles.  Suiface sensors Will measure impact acecleration, thermal and electrical prop erties,
and, if the surface is liquid, density and refractive index.
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1. INTRODUCTION

Cassini, a Saturn orbiter plus @ Titan atmospheric probe, 1s @ joint undertaking between the U. S, National
Aeronautics and Space Agency (NASA), the Luropean Space Ageney (JiSA), and the Italian Space Agency
(AS]). NASA issupplying the Orbiter and ESA the ¥ robe, which has been named Huygens. AS] is
contributing scveral major assemblics. This papet sui veys the seience instruments of both the Orbiter and the
P robe. Among accounts of pertinent previous work are Refs. 1-6.

2. SCIENCE OBJECTIVES

Major poals of the Cassini mission arc to determine the clemental, molccular, isotopic anti mincralogic
compositions of Saturn, Titan, the smaller satellites, and the rings of the Saturnian system; to determine the
physical, morphological, and geological nature of these objects; to detenmine the physical and chicmical
processes operaling in the atmospheres of Saturnand  Titan, anti on the surfaces of the rings and satellites of the
systen; and to determine the physical and dynamical properties of Saturn's magnetosphercand its interactions
with the ringsand satellites.

3. MISSION

The Cassini spacecrafl is to be launched in Oclober 1997, It will usc two gravity assists from Venus, onc from
Hat th, and one from Jupiter to reach Saturn (Figure 3). Closest distance to the sun will be 0.68 A.lJ. Cassini
willscarch for gravitational waves at opposition after the Jupiter flyby. 1 .imited seience measurements will be
mad ¢ dut ing the two years pri o1 to Satuin encounter

Cassini will reach Saturn in July 2004. The spacceraft will fly by the satellite Phoebe 19 days before closest
approach, at a distance of shout 50,000 km. The Saturn orbit inscrtion mancuver will take place just before
periapsis at1.3Satarn radii (Figure 4). The initial orbit has a period of shout 1 SO days anti inclination of
17 deg (I'igure 5). Another maneuver, at first apoapsis, will target the spacecraft for Titan flyby and raise its
periapse to 8.2 Saturn radii.




In November 2004 the 1Tuygens Probe will be spun up and 1¢leased from the Ot biter. 1t will coast for 22 days
after separation, then enter the Titan atmosphere at about 18 deg N latitude and 209 deg 1 longitude, on the
daylight side The Probe will be acrodynamically decelerated to an altitude of about 190 kin (Migure 7), at
which heat shield and covers will be jettisoned and a parachuic deployed. Parachute opening should be
complele a 160 km altitude. Chemical analysis of the almosphere and other science measurements will begin al
this altitude. Descent from 190 km to the surface will take 2 to 2.5 hours. The I'robe will impact the surface at
5106 m/s. If it survives impact, scicnce measurcments may be obtained on the sut face. 1 .ine of sight to the
Orbater for data relay will be available for at least 30 minutes after inpact (Figure 7) °.

After Probe separation asmall maneuver will deflect the Orlater to fly bylitan a a minimum atitude of
1500 km, and delay its closest approach. This will keep the Orbiter and I'lobe in line-of-sight while the Probie
descends through Titan's atmosphere, permitting Probe data to be tansmitted 1o the O1 piter for storage and
subsequent transmission to Karth,

Two days after Titan encounter a conection mancuver will ieduce the apoapse of the Orbiter and adjust its
trajectory for the another Titan flyby. The Orbiter willcontinuc on a fom-year satellite tour, using repeated
gravity assists from Titan to shape the trajectory to satisfy science objectives. A preliminary tour plan includes
shout 60 orbits of Saturniand 33 flybys of Titan at atitudes as low as 950 km. Plans include flybys of the
satellites Ynceladus, Dione, Rhea anti lapetus at about 1 000 km distance and more distant flybys of these
satellites andof Mimas, did Tethys. larth and Sun oceultations by Saturn, itS rings, and Titan are aso planned.
Lnd-of-mission Will be June 2008. This tour plan 1s tentative and will be revised

4. SPACECRAYFTDESCRIPTION
4.1 Orbiter

Iigure 9 (a and b) shows the current spacecraft design. The Orbiter is 6.8 meters long.  Its maximum diamecter
in launch configuration is 4 meters. Total mass of Cassini a launch iS approximately 5600 kg, which includes
shout 2500 kg of dry mass and3100 kg of propeHants.

The mainbody of the Orbiter isa stack consisting of lower equipment module, propulsion module, upper
cquipment module, and high gain antenna. Attached to the stack arce the remote sensing pallet and the ficlds
and pal ticles pallet with their science instruments, as well asthe Huygens I'robe. The t\Wo pallets carry most of
the science instruments [IF IGURL 3-100:4.1-03, "Cassini Remote Sensing Pallet”, arid FIGURY 3-100:4.1-(M,
“Cassini Iiclds and Particles Pallet"]. A few instramient assemblics are attached to the upper equipment 1 1oclolc.
‘The Orbiter's 1 2-hay clectronics bus iS partof the upper equipment module.  An 11 -m magunctonicter boom is
mounted on the upper cquipment Module. A common 32-bit engincering, flight processor is utilized by several
engincering subsystems and by scveral science instruments.  Thenmal control is provided hy reflective
multilayer insulating blankets, radiators, reflective and absorptive paints, louvers, shades, radioisotope heater
umts, and clectrical heaters.

The Orbiter is three-axis stabilized. The instruments are mounted to the fixed flame of the spacecraft. In
general, the whole spacecraft must be turned to point them in desired directions, thoughthree of the instruments
provide their own articulation about onc axis. Thisdesign was adopted as a COSt-saving measure; Cassini's
design and operation arc strongly driven by cost.  Spacecraft pointing accur acy willbe 2 mr or less when the
spaceeraft iS not thrusting or rotating. 1 lowever,accuracy Of pointing with respect to the object being observed
is generally limited not by spaceeraft pointing accuracy but by navigational uncertaintics in the relative positions
of the spacceraft and object.




Communication between the Orbiter and Earth is a X-band. The maximum planned data rate from Saturn is
142 kb/s using ground stations with 70-m antennas, 35 kb/s using ground stations with 35-m antennas.

The Orbiter antennas include a 4-m parabolic High Gain Autenna (116A), fixed to the structure.Jor high
telecommun ication rates the spacecraft must be oriented to point the L IGA at Yarth. At other times, cspecially
while the spacecraft is in the inner solar system, the axis of the 1 1G A will be pointed close to the Sun so the
antenna Will shade most of the spaccera ft. During many mancuvers the axis will pointin the desited direction
of thrust  The 1 1G Amust point toward the 1 luygens Probe when 1eceiving telemetry from the Probe. For
obset vations with remote-sensing instruments, the spacecraft must point these instruments toward theobjects of
scientific interest, so the 1 1G A cannot then be pointed a Karth.  When the | IGA cannot be pointed at Farth,
teleconmmunication is limite to low-gain antennas, at very low bit rates.

Ground commands and memory loads go through the radio ficquency communication equipment to the
Command and 1 data Subsystem (CIS), which processes them and distributes them to instiuments and other
subsystems. The CS also receives data from other subsystems, 1)1 OCCSSCS it, formats it for telemetry, supplics
Reed-Solornon encoding, and delivers the telemetry to the 1adio frequency subsystem for transmission to Farth.
A pair of redundant MH ,-S J J)-] 5531 data buscs provide connmunication with instruments and other subsystems,
using packettelemetry. Idachuserinterfaces with the data bus thiough a standard bus inteiface unit or a remote
engincering unmt The communication rate allocated to science data on the bus is 430 kb/s. Two 1.8-Gb solid-
state 1ccorders provide mass storage.

4.2 Huygens Probe

‘The Huygens 1'robe system includes both the Probe itself and the Probe Support Equipment, which remains
altached to the Onbiter.  The I'robe Suppor tEquipment incorporatesan S-hand receiver 0 receive telemetry
from the Probe after separation, data handling to forward this telemetry to CDDS for later transmission to Farth,
andan ultla-stable oscillator for RI doppler measurement of Probe velocity relative to the Orbiter.

Probemass IS approximately 340 kg, of which shout 50 kg iS science payload. TheProbe cONSIStS of a
blunt-nosed, s])hc~c-cone descent module, encased i a conical front shield, 2,7 m in diameter, which acts as a
deecelerator during atmospherie entry, and a back cover (Figure 1 3). Within the descent module, the scicnee
instiuments and most other Probe equipment arc mounted 011 an instiament platform.  The forwar d dome of the
descent module has external spin vanes and there 1s a swivel on the pa rachute hamess, so the module will spin
during descentio provide scan for its camera.

'I'here are aceclerometers (range 107 to 500 m/s?) to measure both axial deccleration and spin. Redundant
frequency modulated continuous wave radar altimeters measure altitude from 2(1 km down. Fach altimeter
transmits 60 mW of RF at 15.4 or 15.8 GG 17. Probe connmand and data management includes 1 Mh of on-board
data storage. Telecommunication after the Probe separates from the Orbiter is limited to telemetry from Probe
to Orbiter. 1 data late over the Probe-to-Orbiter link will be 16 kb/s. Total data return from the I'robe is
expected to be>10 Mh.,

S. SCIENCEINSTRUMENTS
S.1 Orbiter
T'welve science insttuments are car ticd by the Orbiter. They are listed in Table 1, which also gives the Principal
Investigator orTcam].cader for each, as wc]] as mass, power, and outpul data rate. The science payload mass
totals 364keg.
Most of the instruments contain more than onc sensor that provides scientific data. The twelve instiuments, as

deseribed below, include a total of 27 separate se nsors. Fachmstiument has onc or more microprocessors
which performinternal control and data handling for that instrument.



5.1.1 Instruments - remote sensing

Six of the Orbiterinstruments will measure properties of objects 1emote from the spaceerafl: the imaging
Scienee Subsystern (1 88), Visible and Infrared Mapping Spectrometer (VIMS), Composite Infrated Speetr ometer
((;11<S), Ultraviolet Imaging Spectiograph ((I VI'S), Cassini Radar (R ADAR), and Radio Scicnce Subsystem
(1{SS), Thefustfouw of these are mounted and co-aligned on a Remote Sensing Palletandare bolc-sighted
together. The pallet is in turn mounted onthe upper electromes miodule of the Orbiter.

5.1.1.11Imaging Scicnee Subsystem (]SS)

‘Thelmaging Science Subsystem consists of a wide-arip,lc camera,a Ilallow-angle camera, and associated
clectronies. Fach camera includes optics, filter changing mechanism, shutter, and detector head, plus associated
clectronies. The cameras are used both to acquire scientific data and for optical navigation.

The wide-al)~~,Ic camera has refractive optics, with afocal length of 200 mm, a focal length/diamclcl ratio

(f number) of 3,5, and a 3.5 deg ficld of view (Figure14a). Refractive optics were chosen, rather than
reflective, primarily to meet mass and cost constraints, the sc Optics weie available as spare from the Voyage:
mission. The narrow-angle camera has Ritehey-Chretienreflective optics, with a 200 0-mm focal length, an

f number of 10.5, and a 0.35-deg field of vic\lv (Figure 14b). Filters are mounted in two rotatable wheels per
camera. The \vidc-angle camerahas 18 filters, over the range from 380 to 1100 nm; the nanow-angle camecra
24filters, from 200 to 1 10[) nm. Two-blade focal plancshutters controlexposure. The shortest planned
exposure time iS5 ms dlid the longest 20 min

The sensing element of each camera isa 1024-by-1024-clement CCI, coated with phosphor to provide
ultravioletre sponse and cooled to 180 K by aradiator to 1cduce dark current.  Pixel size is 12 pm. The CCs
provide angular resolution of 60 prad/pixel for the wide-gl[),]c camera and 6.0 pr[id/pixel for the narrow-angle.

The dynamic range of each camera is about 4000:1, equivaent to 12 bits. Automatic exposure control is

avail able. The data can bereducedto8 bits/pixel by a lookup table o1 by reading the 8lcast significant bits.
A 10 sslcss data compressor provides anaverage compressionratio of 2:1 0X gicater.  There is also a lossy
compressor providing average compression ratios as high rrs 8:1. Yditing can be used to sum adjacent pixels o1
to transmit partial frames. Refs. 8 and 9 give additional information about 1SS.

5.1.1.2 Visibleand infrared Mapping Spectrometer (VIMS)

The Visible and Infrared Mapping Spectrometer furnishes spectial data over the arcas viewed, or, cquivalently,
maps those arcas with lower spatial resolution than 1SS but at amany wavelengths between 0.35 and 5.1 jum.
VIMS will produceinformation about the surface andatmospheric composition of Saturn and its satellites.

VIMS has separate infrared and visible sensor channels. The IR and visible sensors are mounted on a VIMS
optical palet (FFigure 15) which inturn mounts to the spacecraft's Remote Sensing Pallet. Major VIMS
assemblics a1 € supplicd by the US, Italy and France.

The IR channel cover s wavelengths 0.851t0 5.1 pm.  Its optics include an f/3.5 Casscgrainian tclc.scope with an
aperture of about 230 mm, a collimator, and a diffraction grating. ThelR channel produces ().5x( ).5 mrad square
pixels. Aninternal mirror provides two-axis scanning over 64x64 of these pixels, a field 1,9x 1,9 deg, but other
scan patterns can be commanded. Radiation is spicad in wavelengthby the grating and imaged by
Casscgrainian camera optics onto a linear detector array of 256 indium antimonide photodiodes, each receiving a
separate waveband16.6 nm wide, The detector is cooled by aradiator to 70 K, The spectrometer operating,
temperature 15140 K.

‘The Visible channel produces multispectral images spanning the spectral range from 0.35 t0 1.05 pm. It utilizes
a Shafer telescope, a holographic grating spectrometer, and a silicon CCI> array detector cooled to -30C by a
radiator. One dimension Of the array provides speetral sepatation into 96 wavebands. The other provides lincar



spati @ scparation. A single-axis scan mirror scans the array over the scenc, perpendicular to the array spatial
dimension. The resulting, data are 96 2-dimensi onalimages of the same region, each in a scparate speetral band
7.3nmwide. The channel pencrates square 0.5x0.5 mrad pixels to match those of the IR channel

VIMS can record spectra of asingle pixel, alincof pixels. or #2-dimensional array of pixels (animage) with

cither o1 both channels'®*?

S.1.1,3 Composite Infrared Spectrometer (CIRS)

CIRS measures planetary radiation from 10 to1400 cm’'l (1000 1o 7 um)in three spectral bands. The CIRS
optics assembly includes a telescope, three interferometers, a spectral scan mechanism, andan 80 K cooler. ‘I’he
telescope is a 50. 8-cm Casscgrainian.

The farinfrared interferometer (1 0-600 cm™, 100010 17 pm)isiesponsive to both wavelength and polarization.
[t has aninput polarizer, a polarizing beamsplitter, and an output analyzer.  Polarizer and analyzer are
substrate-mounted wire giids. This interferometer has t\vo thermopile detectors, each with a concentrator. 1ts
FOV is 4.3 mrad in diameter. Spectral resolution is 0.5 to 20 em™.

The mid-infrared interferometer is a conventional Michelson covering the range 600-1400 em™ (17 to 7 pm). It
employs a Ge lens to focus the interferometer output on two focal plancs. One has alx10 lincar ariay of
photoconductive 11gCdTe detectors cove] ing the range 600-1100 e, The other uses a 1x10 lincar array of
photovoltaic 11gCdTe detectors covering 1100-1 400 em™  The 'OV of each detector is about 0.2.7x0.27 mirad.
Spectral resolution is 0.5 to 20 em™.

The motor-diiven scan mechanism moves rcfleeting clements in one dimension to change the path lengths of the
three interferometers and hence their pass bands.  The third ot reference interferometer shares the mid-infrared
optical path and provides a Servo signal t0 insure that the motot seans at uniform velocity.

‘The mid-infrared detector arrays are mounted on an 80 K cooler. Other portions of the optics assembly,
including the farinfrared detectors, at ¢ cooled to 170 K by a scparate radiator.  “1'Oreduce heat leakage into tile
cold optics assembly, specia wires with low thermal conductance arc used for its clectiical leads®.

5.1.1.4 Ultraviolet imaging Spectrograph (UVIS)

‘The UVIS instrument measures, spectroscopically analyzes, and images ultraviolel emissions at brightness of
0.001Rayleighto several thousand Raylcighs. UVIS is a t\Wo channel spectrograph (far and extreme
ultraviolet), and includes a hydrogen-deuterium absorption cell and a high-speed photometer.

Iiach of the two spectrographic channels Utilizes arceflecting telescope, @ concave grating spectrometer, and an
imaging, pulse-counting detector. The telescope primatys are off-axis parabolic sections with a focal length of
100 mm, a 2.2x30 mm aperture, anti a 'OV 0Of 3.67x0.34deg. The spectrometers use aberration-coriected
toroidal gratings to focus the spectiam onto animaging microchannel plait detector (MCI’). The far ultraviolet
channel has a wavelength range is 115 t0 190nm. Therange of the extreme ultraviolet channel is 55 to
115nm. Yach channel has three sclectable entrance dits providing spectral resolution down to 0.21-0.24 nm.
Forsolar occultation observations, the extremec ultraviolet channel ineludes @ mechanism that allows sunlight to
enter when the sunis 20 deg off the telescope axis.

‘The high-speed photometer measures undisper sed (zero-order) light from its own parabolic mirror with a
photomultiplier tube detector, The wavelength range for this photometer channel is 115 to 185 nm; the FOV is
0.34x0.34 deg. ‘T'ime resolution is 2 ms.

The hydrogen-deuterium absorption cell channel is a photometer which measures hydrogen and deuterium
concentrations. incoming light passes through an objective lens and then through t\vo resonance  absorption
cells, onc filled with hydrogen and the other with deuterium. A tungsten filament in each cell dissociates a



fraction of the molccular gas, alowing the hydrogen/deuterium spectrum near the resonance lines to be
measured to high resolution by varying the filament temperature. A third cell, filled with oxygen, selectively
transmits | .yman-alpha lines while attenuating nearby wavelengths  Photons that have passed through all three
¢ells are deteeted by a cha nnel electron multiplier '

s.1.1.S Cassini Radar (RADAR)

The Cassini radaris designed for observation of the sur face of Titan during close flybys of that satellite. It
operates @ Ku-bund. The radarincludes an RY subsystem, digital subsystem, and power conditioner.  The rada
utilizes the Orbiter's high gainantenna. It can be switched from onc to anotherof five Ku-band feeds
(microstrip arrays), offset from the focal pointof the high gain antenna, which generate five side-lookil)g beams.
A frequency-selective subreflector transmits the radar Ku frequency but reflects the X-hind communications
ficquency.

‘The instrament has three operating modes: synthetic aper ture imaging, atimetry, and radiometry. Its peak RF
output is 63 W. Pulse rate for imaging is 2-4 kllz and pulse length 100-500 ps. IFor low resikution altimetry,
the pulse rate is 1-3 kllz. and the pulsc length 500 ps, for high resolution altimetry 4,7-5.6 kilz and 150 ps. For
radiometry measurements, the radar dots not transmit but it 1eceives blackbody radiation from the surface of
Tilan, using integration times of 0.01 to 5 s.

Radar data are not processed aboard the spaceeraft. They me buffered in the radar electronics and forwarded to
the Orbiter command and data handling subsystem as the bus data 1ate permits.

The radat will operate at altitudes below 22,500 km. At dtitudes between 22500 and 9,000 km, it will
multiplex between altimetry and radiometry to obtain low-resolution global maps of Titan's surface brightness
temperature and surface backscatter characteristics. 1 uring these petiods the Orbiter will scan the sui face with
its high-gain antenna. At altitudes between 9,000 and 4,000 kin, the instr ument will multiplex between altimetry
and radiometry, collecting high-1¢solution altimetric and sut face emissivity measurements along, the sub-orbital
track, while the spacceraft points the antenna beams toward the nadir.  Below 4000 km, RADAR will multiplex
imaging and radiometry. During this operation the spacceraft will point the rada1 antenna beams a a range of
angles away from nadir on either the left or the right side of the sub-orbital track, and surface images and
cmissivity measurements Will be collected in alternation. The radar canacquire high- m low-resolution images
by using different bandwidths and coherent data window sizes. 1 .ow-resolution imagery will be obtained at
altitudes between 4,000 and 1,600 km and high -resolution imagery below 1,600 km.  imaging resolution of the
hardwarc is downto 540x350 m.  Radiometry temperatuse 1solution is <0.35 K. (Refs, 15-16)

5.1.1.6 Radio Science Subsystem (RSS)

Or biter Radio Science measurements Will provide data on the atimospheres and ionospheres of Saturn and Titan,
ontherings, and on the gravity ficlds and ephemerides of Saturn and its satellites. During ¢1 uisc the
instrumentation will be used to scarch for gravitational waves, in a general relativity measurement, and to obtain
cleetron densities of the solar corona.

The experiment employs both the X-band communications link of the spacceraft Radio Yrequency Subsystem
(R¥S)and the Ka - and S-hand capabilities of the Radio Frequeney Instrument Subsystem (R FIS). The RIFS
includeaan X-band transponder, which contains a receiver and an exciter, and an X-band travelling-wave tube
poweramplificr, providing 1 ().6 W radio frequency output, The RFS also includes an ultra -stable oscillator {or
the Radio Science experiment.

The RFIS contains an S-band transmitter and a suite of Ka-band equipment: a translator, an exciter which
gencrates @downlink signal, anda ‘I'W’'I" amplifier. The S-Band transmitter reccives a signal from the USO,
multiplies its frequency, amplifies it to 10 W, and supplics the resultant signal a 2298 Mtz to the high gain
antenna  The Ka-exciter generates a 32 Glz signa from the US() output. The Kaband phase-lock loop
translator reccives the 34 Gllz uplink carrier from the high gain antenna and translates the carrier by a factor of



14/1 5 for retiansmission to Earth. Ka-band amplifict output 1s 10 W. Figure 20 is a block diagram of the
Radio Science equipment,

Thehighgain antenna has feeds for X, S, and Ka-bands. Links are with34- and 70-m antenna larth stations of
the 1 eep Space Net.

The egquipment mentioned provides two-way links a X and Ka-band plus downlink at S-band. 1 Jownlinks with
accurately known frequency, originating from the ultrastable oscillator, can be transmitted by the X-band T W7
amplificr, the Ka-band exciter and amplificr, and the S-band transmitter.  Two-way coherent signals arc provided
by X-band uplink to the transponder and by Ka-band uplink to the tanslator, inconjunction with the X andKa
downlinks mentioned. capabilities incl ude one- andtwo-way doppler, differential one-way ranging, and
(wo-way ranging,

F1 equency stability of transmissions (Af/f), set by the ultrastable oscillator, is betler than 1x10™ for integration
times Of 10 t0 10,000 s. Allan deviation Of Ka-band ttansinissions is <1x10™°. T'wo-way ranging provides an
accuracy Of 201030 ns (G 1o 9 m).

I‘or measurements of mass and mass distribution, usc willbe made of the spacecraft’s telecommunications and
imaging equipment, particularly the X-band transponder, the high-gain antenna, and the wide-angle camera. The
phase and phase shift of 2-way signals arc used for detection of gravitational waves with periods between 1000
and 10,000 scconds and for the measurement of gravity ficld s'.

Var ious conibinations of the available capabilitics are used fordifferent types of measurements. These include:

Gravitational waves (period 1,000 to 1 0,000 s):
2 or 3-way doppler: X up X down, X up Ka down, Ka up Ka down

General relativity: 2-way doppler: X up X (low]), X up Ka down, Kaup Ka down,
X ups down
Solar corona: 2-way range and doppler: Xup X down, X up Ka gown, Kaup Ka qown,

Xup S down

Mass and gravity fields: 2-way doppler and range: X up X down, X up Ka down, Kaup Ka down,
X up S down

Iiphemerides: 2-way dopplerand range: X up X down, X upKa down, Ka up Ka down;
Wide Angle Camcra

Rings, atimospheres and ionospheres:  1-waydoppler : X, Ka> S

S.1.2 Instruments - Ficlds, Particles, and Waves

Six instuments that observe ficlds, particles, and plasma waves are tbe Dual Technique Magnetometer (MAC(I),
Radio and Plasma Wave Science (RPWS), Cassini Plasma Spectrometer (CAPS), Magnetospheric imaging
Instiument [M IMI), Cosmic Dust Analyze1 (0CIDA), and lon and Neutral Mass Spectrometer (I NM S).

S.1.2.1 Dual Technique Magnetometer (MAG)

The Dual Technique Magnetometer measures the magnetic field vector. It consists of a3-axis FluxGate
Magnctometer and a 1lclium Magnetometer The Vector/Scalar Heli um Magnetometermeasures the magnitude
of the magnetic ficld or, alternatively, its three o1 thogonal components.  The magnetometer boom supporls the
helium magnetometer a its outboard end and the flux-pate near its midpoint (Figure 8b). Magnctometer
clectronics are in aspacecraft hay.

Opceration of the helium magnectometer isbased on field-cicimndent light absorption (the Zceman effect) and
optical pumping. R¥ excitation of a lamp filled with helium, at low pressure, generates in frared light, which
passes through a polarizer and a absorption ccll to a silicon detector (Figure 24 b), Heliumin the absorption
cell is excited by RY discharge to produce metastable atoms. Net oplical pumping in the cell is maximum when



no magnetic field is present; the presence of a field 1educes optical pumping and result in increased absorption
I'or veetor field measur ement s, the a bsorption is modulated by a 1otating sweep ficld g encrated by triaxial
Helmholtz coils. 1 dctectoroutput componentsat the sweep ficquency are nulled by feedback through the

| Jelmholty coils, providing a measurement of all thice components Of the ambicnt field vector. Scalar ficld
measurements utilize a separate coil whose output is ficquency modulated. A component of the detector output
signalisclated to the 1 .armor frequency, which is direetly propor liong] to the magnetic field

The flux pate magnctometer has three identical sensors (Kiguie 24a), oriented orthogonally to each other. in
each, a permeable ring core is wound with a coil, operating at18k11z, which drives the core to salutation. A
pickup coil surtounds the core. The presence of anambient icld component paralicl to the coil axiscausesthe
coresaturationto become unsymmetrical and induces & sccond harmonic in the pickup coil that is proportional
to the ambient field component.

The use of IWo separate magnetometers at different locations aids in distinguishing the ambient magnetic field
fiomn that produced by the spacecraft. The helivm magnetometer has full scale flux ranges of 32 and 256 n'l'in
veetormode, 256 to 16,000 1 inscalar mode. It provides highest sengitivity at frequenciesupto lor 2 1 1z its
frequency range is up to 1 O ] Iz The flux gate magnetometer has flux ranges of 40 to 44,000 nT. 1t is most
sensitive atl to 20 Nz and responds to frequencicsup 10 100 Hz. (Ref. 18)

S.1 .2.2 RadioandPlasma Wave Science (RPWS)

The Radio and Plasma Wave Scienceinsttument willinea sure AC cleetric and magnetic fields in the plasma of
the interplanctary medium and Saturn's magnetosphere, and also electron density and temperature. Sensors
include three éectric antemma clements,  a3-axis magnetic scarch coil assembly, and a 1 .angmuir probe,

Two of the antenna elements are configmed as a dipole, the other iS a monopole.  They are mounted on the
upper equipment module Of the Orbiter (ig. 277). Eacl antentia is a collapsible tohc which is rolled up for
launch and subscquently released to Sc]f-extend to its 10-mlength

The magnetic scarch coil assembly includes three orthogonal coils about 25 ¢m indiamcter and 260 cm long,
each with a high-permeability core, a main winding, and a feedback winding.  The 1.angmuir probe, which
measures cleetron density and temperature, iS a metallic sphere 5 cm in diameter.  The magnetic scarch coils are
monnted on @ small platform attached to a sopport for the 1 ligh Gain Antenna; the l.angmuii probe is attached
to that platform by a I -meter deployable boom.

Signals from the sensors go to high- and medium-frequency receivers, a wide-band receiver, and a S-channel
waveform receiver.  These receivers provide low and high time and frequency resolution measurements.
FIGUIRIE 4-2073:-01 15 a functional block diagram of RPWS.

Ranges are 0.1 Hz to 16 MHz for electi ic ficlds, 0.1 Hz to 12.6 k1l for magnetic ficlds, electron densities of

5 to 10,000" c/em’, and electron temperatures cquivalent t0 0.1 t0 4eV. Sensitivity t0 cleetric ficlds at 1kilz is
0.4 uV narrowband, 100 nV/H7"? wideband; at 20 kH1z, 0.1 puV nanowband, 5 nV/z"? wideband.  Sensitivity
to magnetic fields at 1kilz is 0.03 pl narrowband, 0,007 p1/11z"? wideband. Dynamic range is >90 dB.

RPWS also has a sounder mode. Squate wave p ulses 1 to 320 ps long are generated and transmitted by the
antenna to stimulate plasma resonances.  The reccived signals are analyzed to give electron densities'

5.1.2.3 Cassini Plasma Spectrometer (CAPS)

The Cassini Plasma Spectrometer mea sures composition, den sity, flow velocity, and temperature of ions and
clections in Saturn's magnetosphere, using three sensors: an lon Mass Spectrometer, an lon Beam Spectrometer,
and anllectron Spectrome ¢r. A motor-drivel) actuator rotates the sensor package to provide 200 deg, scanning
in azimuth about the z-axis of the Orbiter.



The Election Spectrometer (11.8) uscs a cur ved-plate clectiostatic analyzer and MCP detectors foi cleetron
energy measurements.  BEILS energy range is 0.7 to 30,000 ev with a resolution (Ali/19) of 0.17.The sensor’s
FOV is 5x160 deg and angular resolution 5x20 deg.

The lon Beam Spectiometer (IBS} uses a curved-plate clectiostatic analyzer and channcl electron multiplicr
deteetors to determine cnclgy/charge ratios. The energy range of 'the 1BS is 1 ¢V1o 50keV and encigy
resolution 0.0125. Ficld of view is1.5x180 deg and angular resol ution 1 .5x1.5 deg.

‘Thelon Mass Spectrometer (I MS) provides data on both cllcrgs/charge and mass/charge ratios. A curved-plate
clectrostatic analyzer provides  energy/chatgce separation (Figure 23a). The ions are then acccelerated
clectrostatically and strike a set of thin catbon foils. "This produces sccondary electrons and breaks up some of
the molecular ions. Secondary electrons stitke a MCP clectrostatic analyzer in which the clectric field increases
lincarly along the analyzer length. Positive 1ons with less than 15 kev kinetic energy are deflected back to the
entrance end Of the analyzer wh ere they strik ¢ the MCP d etector. Their time of flight indicates their
mass/charge ratio. Positive 1ons with higher energy, and neutial s, strike another MCP at the opposite end.

I' ragments resulting from breakup of molecular ions supply information on their composition,

The masstange of the IMS is1to 60 amu;its mass resolution (Am/n) is (), 2 to 0.03. The energy range is
1 CV to 50 kev, with a resolution of 0.17. Field of view is 12x160 deg, angular resolution 12 x20 deg,

Ref 20 gives further information about CAPS.
S,1.2.4 Magnetospheric Imaging Instrument (M INII)

The Magnetospheric Imaging Insttument will provide images of the plasma surrounding Saturn anti deter mine
ion chargeand composition. Like CAPS, it has three sensors, One of these, the I.ow Encrgy Magnetospheric
Mecasurements System (ILEMMS), has cight detectors to provide directional and energy information on clectrons
a 15kevto 10.5 Mev, protons at 15 to 130 Mev, and other ions at 20 keV 10 10.5 Me V/nueleo n. The LEMMS
head is double-ended, with oppositely directed 15 deg and 45 deg conical FOV. L.EMMS is mounted on a
platform which permits continuous 1otation of the head through 360 deg on an axis perpendicular to the Orbiter
High Gain Antenna axis and to the 1.EMMS telescope axis.

Another sensor, the Charge-En ergy-Mass Spectrometer (CHEMS) measures charge anti composition of ions at
IO to 265 keV/e with an electrostatic analyzerand a tinjc-of-fright mass spectrometer.  Its mass/charge range 1S
1 to 60 amu/c (clements 11-}e) and molccular ions mass range 2 to 120 amu. Encrgy resolution (AG/Q)/(1/Q))
is 0.05 and mass resolution (Am/m) is 0.11. The CHEMS head has a 480 deg by 6 deg FOV. The minimum
measuicable flux is 1 ion/(em”2 stkeV/e) and the dynamic range is 10%

The third MIMI sensor, the lon and Neutral Camera (INCA), makes two different types of measurements. It
detenmines the 31D distribution function, velocity spectra, and rough composition 0f ions and neutials with
encrgics from 10 keV to about 8 Me V/nucleon, and it provides remote images of the energetic ncutral emission
from the hot plasmas of Saturn's magnetosphere, measuring the composition and velocity spectra of those
encrgetic neutrals for each image pixel. INCA isa tilnc-of-fright camera with collimatorslits, an entrance foil,
and microch annel plate detectors.  Though MIMI is listed as a Fields and Particles instrument, INCA might also
be classified as a remote sensor, and it is bore-sighte d with the spacecraft remote sensing instruments, INCA
hasa =60 deg by 445 deg 'OV and an angular resolution of about 2x2 deg. Its velocity resolution is 5(1 km/s
and its dynamic range 107,

‘The different MIMI sensors share common electronics, and provide complementary measurements of energetic
plasma distribution, composition, and energy spectrum, and the interaction of that plasma with the extended
atinosphere anti satellites of Saturn.



5.1.2.S Cosmic Dust Analyzer (CDA)

The Cosmic 1 dust Analyzer measures {lux, velocity, charge, Diass, and composition of dust and ice pai ticles in
the massrange 1 0" 10 10° g. It hastwo types Of sensors, 1 highRate D ctectors and aDust Analy zer. The two
1ligh Rate Detectors use depolarization of polyvinylidene fluoride film (PVIIF) by impacting particles to count
impacts up to 10,000/s. These arc intended primarily for measurements in Satuin's rings. One of the High Rate
Detectors has a film 28 uni thick with an arca of 50 cin®.  The other has film 6 pm thick and an area of 10 em®.

The ] dust Analyzer USCS nmpact ionization), time-of-flight measurements, ion collectors, and charge-sensitive
amplifiers 10 obtain dataat rates up to 1particle/s. It measures the cleetric charge carricd by dust particles, the
flight ditection and impact speed, mass, and chemical composition.  The 1ust Analyzer has two pick up gr ids at
its entrance to measure particle charge. Animpact ionization target, at O V potential, collects electrons of the
impact plasma. A chemical analyzer target, at 4 1000 V, with a groundedgridin front of it, accelerates the
positive ions. lons1caching this grid signal the start time for the time-of-flight mass spectrometer. A negatively
biased grid collects the ions.  An clectron multiplier amnplifics the signal caused by ions that penctrate the ion
collector grid. ~ha~gc-sensitive amplifiers and a logarithmic amplificr measure the charge signals over arange
of 107 t0 107 Coulomb The mass resolution 0f the ion spectrum (m/Am) IS approximately 50. The Dust
Analyzcr detects particles impacting at 1 to 100 kin/s.

Anaticulation mechamisin permits the instrument to be rotated to several positions, 1¢lative to the Orbiter body.
5,1.2.6 lon and Neutral Mass Spectrometer (INMS)

TheJon and Neutial Mass Spectrometer will determine the chemical, elemental, and isotopic composition Of the
gaseous and volatile components of the necutral particles and the low energy ions in Titan's atmosphere and
ionosphere, Saturn’s magnctosphere, and the ring environment. It will also determine the gas velocity.

Principal subsystems of INMS are two ion sources, an clectrostatic quadrupole deflector, a quadrupole mass
analyzc1, and a detec tor

lons of the plasma arc analyzed as they enter, but neutrals must fu st he ionized within the instrument. In the
open ion source, incoming neutral molecules @and atoimns are collimated into @ beam, then ionized by immpact of
clections from an electron gun. Thissource is used primatily for components that might react if allowed to
strike instrument surfaces. The closed ion source UsSeS ram density enhancement to inercase sensitivity and
accuracy for the more inert atomic and molecular species. Ram enhancement is achieved by limiting the gas
conductance from an enclosed antechamber while maintaining a high flux into the chamber. The maximum
density enhancement Will hc x45 at mass 28 amu for a 5.4 ki/sce spacceraft velocity. In both ion sources, the
neutials are ionized by eleetron impact.

‘Thermal and suprathermal ions of the plasma surtounding the spacecraft enter INMS through the collimator of
the open source. lons emerging from the ion sources are ditected into the mass analyzer hy a 90 deg

quad] upole deflector, The deflector aso functions as an electrostatic energy filter in the open mode operation,
providing an indication of the energy disti ibution of ions o1 neutrals enter ing the open source.

‘The mass analyzer iS @ quadrupole mass filter. As ions exit the analyzer they go into an ion detector
(sccondary clectron multiplier), which feeds a pulse counter,

The ficld-of-view of the open source for neutial species iS @16 deg conical full angle; the closed source has a
hemispher ical FOV. The mass range of INMS is 1 to& and 12 to 99 amu. ‘The density range forncutral gas 1s
10 to 10" molecules/cm®. Senditivity for neutrals is 2.5x107 counts per molecule/em’-s, for jons 1x107 counts
per ion/em’-s.



5.2 Probe

Thesixinstiumentson the 1 Juygens Probe are the 1 luygens Atimospheric Structure Insttument (1 1ASI), Acrosol
Collector Pyrolyser (A SI'), Gas Chromatograph / Mass Spectrometer (GCMS), Descent Imager \ Speetral
Radiometer (1)1 SR), Doppler Wind Experiment (1 WE), and Sui face Science Package (SS1'). They include a
total of 39 scnsors

S.2.1 Huygens Atmospherie Structure Instrument (1 3ASI)

Thelluygens Atmospheric Structure Instrument includes a variety of sensors.  Atmospheric pressut ¢ is measured
by deflection of a diaphragm. This sensor has a resolutiony of 40.04%or 40.005 mbar. A Pitot tube inlet, on a
stub extending beyond the Probe descent mod ule, brings the pressure to the sensor Four platinum resistance
thermometers, also mounted on the stub, measure atmospher ic temperature, With a resolution better than 0.02 K
below 110K and 0.07 K at higher temperatures.

Fordetermination of atmospheric density, a servo accelerometer measutes acceleration along the spin axis over
switchable full-scale ranges Of 2 mgtol 8.5 g, with aresolution0.05% of fullscale. Three piczoresistive
accelerometers measure acceleration along all three axces of the Probe, over a range of 420 g with aresolution of
450 mg. A microphonesenses acoustic noise, at ()-6 kilz, from thunder, precipitation, and turbulence.

A permittivity and wave analyzerincludes an array of six clectrodes, mounted on two deployable booms. One
paitof electrodes transmits signals at 43to 5500117 which arcicceived by another pair. Measurements of the
magnitude and phase of the receivedsignal give the permittivity and electronic conductivity of the atmosphere
and surf ace, Signals of natural origin, at frequencies up to 10 k117, are also received.  The voltage detected
between two other electrodes (in the absence of transmission) gives the DC eletric ficld. When these clectrodes
arcchargedto 45V and isolated, the time co nstant forrelax ation of the voltag ¢ indicates the ionic  conductivity
of the atmosphere.

1 1AS] aso processes the 1 signal from the I'lobe’s radar altimeter tO obtain information on surface topography,
stiucture, roughness, and electiical proper lies.

S.2.2 Acrosol Collector Pyrolyser (ACP)

The Acrosol Collector Pyrolyser will collect samples of the acrosolsin Titan's atmosphere using a deployable
sampling device extended beyond the boundary laye: of the Probe.  Samples will be obtained at two  dtitude
ranges. The first sample, at altit udes down to 30 ki, will be obtained pr imarily by direct impact on a cold
filtet target, the second sample, at about 20 kmy, by pumping atmosphere through the filter.

Aftercach collection the filter, expected to contain about 30 pg of acrosol, will be transferred to an oven and
heated to three successively higher temperatures, Uup to about 650 C, to vaporize and pyrolyze the collected
matcrial. The effluent produced at each temperature will be swept up by nitrogen earlier gas and transferied to
the GCMS for analysis.

One ACP module contains the sampling device and oven, a second the pump and cxhaust tube, a third the
carrie1 gas reservoir, pressure regulator, and valving, and a fourth the lines and valving for transferto tbc Gas
Chromatograph/ Mass Spectrometer (G CMS) for analysis, 21)

5.2.3 Gas Chromatography / Mass Spectrometer (GCMS)
The Gas Chromatograph / Mass Spectrometer will provide quantitative analysis, inducting isotopic analysis, of

the atmosphere. Atimospheric samples are transferred into the insttument by dynamice pressure as the |’ robe
descends through the atmosphere. Samples obtained @ high altitudes can be stored for later analysis.



The GCMS uses aninlet port near the stagnation point at the apex of the Probe, and an outlet portat a low
pressure point. The instrument contains three chromatographic coluinns  One column has an absorber chosen to
separate CO, N,, and other permanent gases, Ancther has an absorber that will separate nitriles and other highly
polar compounds. The third is to separate hydrocarboris up to Cq

The ma ss spectrometer ser VCS as detector for the gas chromatograph. 1t will .s180 analyzc unsceparated
atmospheric samples and those provided by the Acrosol Collector Pyrolyser. It has individual inlets for each of
these, and ascparate ion source for each gas chromatograph colummn and cach other inlet Yor gas entering
directly from the atmosphere, two pressurce-reducing leaks can be valved in to reduce pressure to the operating
range Of the mass spectrometer ion source. A getter pump and a sputter ion pump maintain this operating
pressuie range, lonization is by electron impact, ion scparation by a quadrupole mass analyzer, ion detection by
a sceondary clectron multiplier. The mass range iS 2 to 14(, amu, detector threshold mixing ratio Ix 10"]* (at
$/N= 1), and dynamic range 10°

Portions of the Probe GCMS and the Orbiter INMS instiuments share identical designs
S.2,4 DeseentImager\ Speetral Radiometer (1)1S1<)

The Descent Imager \ Spectral Radiometer will obtain data on the thermal balance of the atmosphere and surface
of Titan, clouds and cloud particles, concentrations of argon and methane, whether the local s face is solid o1
liquid, and, if solid, its topography. IDISR contains thirteen sensors, operating a wavelengths of 350-1700 nmn.
These include three framing imagers, looking downward and horizontally, a spectrometer dispersing light from
two sets of optics looking downward and upward, and foursolataurcole radiometers. All of these output light
via fiber optics bundles to different arcas of asingle 256x520 CC1) pixclarray. The speetral tange Of the
imagersis 660 to 1000 nm, their pixelresolution is 0.0610 0.20 deg. The spectrometers' range is 480 to

960 mmn, with a pixel spectral resolution of 2.4 mn. The aurcole radiometers operate at 475-525 and

) 1 0-960 nm, with t\vo different polarizations, and have 1dcg pixelresolution.

Separate downward- and upward-looking, optics arclinked by fiber optics bundles t0 an IR grating spectrometer.
The IR opties include ashutter. The IR detectors are lincar InGa As photodiode arrays, which output through
wire connections to a CCD. Their spectral range is 870 to 1700 nm, spectral resolution 6.3 nm.

There are also tWo violet photometers, looking downward and upward. Their detectors arc silicon photodiodes
Their bandwidth is 350 to 470 um;, each records as a single pixel.

Toprovide reference and timing for the other measurements, IDISR uscs a sun sensor With a three-slit reticle and
a silicon photo diode to mecasure solar azimuth and zenith angle relative to the rotating Probe.

1)1SR contains alamp to provide additionalillumination of the surface of Titan for measurement of spectral
1eflectance in the methane absorption bands.

5.2.5 Doppler Wind Experiment (1)\V'1t)

The | doppler Wind Experiment measures the height profile of zonalwindand its turbulence. It utilizes an
ultrastable oscillator (U SO) on the Probe and anotheron the Orbiter.  The output frequency of cach USO is set
by a1 ubidium oscillator. The I'robe USO sets the carrier frequency of onc of the S-band transmitters on the
Probe. The frequency received by the Onbiter for this channel is recorded and stored for transmission to Farth.
‘1'here it is compared with that of the (h biter USO, recorded at the same time, to determine the Doppler velocity
between Probe and Or biter. Modulation of the 1 doppler frequency will provide data on the Probe spin rate, spin
phase. and parachute swing.

The long-term frequency stability of each USO (Af/f), over the Probe descent time of 2 1o 2.5 hours, is betler
than2x 107 The sholt-term stability (Allan deviation), over100 s, is 1x107"% Wind will be measured to a



precision of 1m/s. Vertical resolution of wind shear will vary with altitude, from 1800 mat 130 kin altitudc to
about20m at the surfac ¢”.

S.2.6 Surface Scicnee Package (SS1')

The Sut face Science Package contains sensors to detenmine the physical properties and composition of the

sm face. Among them are two piczoelectric impact aceclerometers, one within the descent module, one on a
spear, which will indicate whether the surface is solid o1 liquid. ‘Jhere arc twosensors (liquid-filled tubes with
clectrodes) to mea sure tilt about two axes after landing. A group of platinum resistance wires, through two of
which a heating current canbe pissed, will measure temperature and thermal conductivity of the surface and
lower atmosphere and the heat capacity of the surface material. A pair of piczoclectric transducers, one
transmitting and the other receiving a 220 k11z acoustic signal, Will measure acoustic velocity. Another
transducer, pointed downward and operating at 20 kllz, will conduct acoustic sounding, of liquid depth, if the
Probe landsin liquid.

An opening at the bottorm of the Probe body, with a vent extending upward along the Probe axis, will admit
liquid. This will fill the space between a pair of clectrodes.  The capacitance between the electrodes gives the
diclectric constant of the liquid; the resistance gives the electrical conductivity. A float, with electiical position
sensors, will determine the liquid's density. A sensor to measure refractive index of the liquid has 1.11) light
sources, a prism with a curved surface, and a lineal photodiode detector array.  The position of the light/dark
transition on the detectorarray indicates the refractive index.

6. OPERATIONS
6.1 Orbiter

Power available on the Orbiter is not sufficient to operate all instiuments and engincering  subsystems
simultancously. orbiter opcrations are therefore divided into a number of operational modes. In cach mode
power iS allocated among the insttuments and  engine-cling subsystems as appropriate for the operation. Some of
the modes are for engineering operations, some for gathering of science data.  Forexample, during much of the
orbitaltour of Saturn, 16 hours in a Remote Sensing Mode will alternate with 8 hoursin a Fields, Particles,
Waves, and Downlink Mode, In the Remote Sensing Mode, most of the remote sensing instiuments will be
acquiting, data; many Of the fields and paiticles instruments will not.  In the Fields and Particles Mode, the
reverse will be true, Other science modes will be used during satellite flybys, occultations, cruise to Saturn, etc.
Instruments not gathering data will generally not be turned off during the orbital tour, but rather willbeleft in a
low-power “Slegp” state. This is to reduce on-off thermal cycling, keep high voltages on to avoid a need to turn
voltage up slowly cach time, and preserving RAM to avoid the need to reload it each tinie.

The operational modes differ in other characteristics than power.  InRemote Sensing, for example, the Orbiter is
oriented to pointremote sensing instruments toward their objects of interest. This means that the 1 ligh Gain
Antenna cannot be pointed toward Narth, SO telemetry is stored in the solid-state recorders for transmission later.
in the ¥iclds, Particles, Waves, and 1Downlink Mode the 1 ligh Gain Antenna is pointed to Larth, permitting
transmission of stored and recal-time telemetry, and the Orbiterisrolled about the Antenna axis at 0.26 deg/s to
provide scanning about an axis additional to the atticulation axes of some instruments.

The bit rate available on the Command and Data Subsystem data bus is not high enough to permitall
mstruments 0 output telemetry simultancously at their maximum rates.  The Orbiter is switched among a
number Of different telemetry modes in which the available bit rate is allocated differently among the
mstioments.

Some of the instruments adjust their operating state or parameters depending on the activities of the spacecraft
or other instruments and what enviromment the Orbiter is encountering. When these other conditions arc
predictable from the command scquence, commands for the insttuments arc ordinarily set accordingly. When
they are not predictable, or if it is simpler to handle the adjustment on board, the Command and Data System



1 clays informati onfrom the subsystem providing the information to the instruments that need it. Specifically,
imformation on spacect aft attitude anti its rate of change, warnings of thruster fitings, measurements of the
magnetic ficld vector, and notices Of operation of the sounderand 1 .angmuir probe in the Radio and Plasma
Wave Science instrument, are broadeast for use by the Cassini Plasina Spectrometer, Cosmic Dust Analyzer, and
Magnctospheric Imaging Instt ument.

6.2 Probe

There IS NO radio transmission link t0 the 1 luygens Probe after it scparates from the Orbiter; it is wholely
autonomous. The Huygens Atmospheric Structure Instrument is turned on to acquire data during entry. The
other insttuments are turned on in a pre-programmed seque nee after the Probe cover is released. The Probe goes
through five successive power configurations, inwhich the available power is alocated differently among the
var ios instiuments. Operation is controlled by timers, aceeleration sensors, altimeters, anti sun sensor, The
Probe's Command and 1ata Management Subsystem broadcasts altitude and spin rate data to the instruments.
Datacollection goes through three successive stepsinwhichtheavailable data rate is allocated differently
among, the instruments’.

7. SUMMARY

The Cassini mission will bring cightecen scientific instruments to Saturn.  After the spacecraft is inserted into
Saturn orbit, it will sepaiate into a Saturn O1 biter and an atmospheric probe, called | Tuygens, which will descend
to the surface of Titan. The Orbiter will orbit the planctfor four years, withclose flybys of Enceladus, Dione,
Rhea andlapetus, and multiple close {lybys of Titan.

The Orbiter is threc-axis stabilized.. Its twelve science instruments are body-mounted; tbc spacecraft must be
turned to point them toward objects of interest,  Optical instruments provide imagery and speettometry at
wavelengths fiom S5 nm to 1 v A radar instrument supplies synthetic aperture imaging, altimetry, and
microwave radiometry. S-; X-, and Ka-band link mecasurements between Orbiter and Earth will provide
information about intro vening material and gravity fields. Jiield and particle instruments will measure magnetic
and electric ficlds, plasma properties, and the flux and proper tics of dust and ice particles. Maximum downlink
rate from Saturn is 142 kb/s.

The Probe iS spin-stabilized. A heat shield decelerates it and protects it from heat during entry to Titan's

atn10 sphere. Para chut es then slow 1ts descent to the surface. . The Probe can ics six instt uments. These include
sensors to determine atmospheric physical properties and chemical composition, Optical sensors will obscrve
temperaturesand thenmal balance and obtain images of Titan's atmosphere and swr face. 1 Joppler measuiements
over the radio link from Probe to On biter will provide wind profiles.  Sut face sensors are carried to measuie
hupact acceleration, thermal properties of the sur face material and, if the surface is liquid, its density, rcfl-active
index, electiical properties, anti acoustic velocity. The Probe retuins its data viaan S-band link to the Orbiter.
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Table 2

Huygens Probe Investications/Ins

o
csxumen

Investigation Principal Mass, Peak Energy Peak
Investegator + Powexr Whr Data
xg v Rate
b/s
Aerosol Guy Israel 5.7 13.3/ 69.8 128
Collector Service g’ 1.5%
Pyrolyser Aeronomie
(ACP) Verrieres(le
Buisson
Descent Martin Tomasko 8.5 39.8 45.7 4800
Imager/Spectral University of
Radiometer Arizona
fDISRY
Dopprler Wind Michael Birxd 2.0 18.56 25 0
ExXperiment Universitat Bonn
(DWE)
Gas Hasso Niemann l9.5 £4.5 20 96¢C
Chromatograph/Ma Goddard Space
Ss Spectrometer Tlight Center
(GCMS)
Huygens Marcello 5.7 22.5 47 895
Atmospheric Fulchignoni :
tructure Universita di Roma
Instrument
(HAST)
TOTAL 47.7 317.5 £912°

*ACP~igsallocated two power .ines.

+

Instrument data rates do not peak at same time
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